Abstract. We examined assortative mating behavior in 149 pairs of Merlins (Falco columbarius) breeding in Saskatoon, Saskatchewan, Canada from 1985 through 1990. Yearlings paired with yearlings and adults (2-plus years old) paired with adults more frequently than expected. Among adult pairs, however, there was no significant assortment by age. The productivity of pairs which included a yearling member was significantly lower than that of pairs with two adult birds. Similarly, pairs with two adults hatched their young on average nine days earlier than pairs with at least one yearling. There was no significant assortment of pairs based on body size with the exception of tail length. Along with differences in the timing of breeding activities, one other possible proximate mechanism promoting the distinction between adults and yearlings when choosing a mate was the difference in plumage between adult and yearling males.
INTRODUCTION
One means of developing an understanding of the mechanisms of mate choice within a population is to document nonrandom, assortative mating (i.e., the tendency to mate preferentially with individuals having, for example, certain morphological characteristics, territorial possessions, or experience; Searcy 1982). The ultimate reason for making such choices is presumably the attainment ofgreater fitness by the individual making the selection, either directly through greater assistance with parental care (incubating, brooding, nest defense, and provisioning), and access to superior quality resources, or indirectly through some genetic benefit to the young which may enhance their fitness. For researchers to assess such behavior accurately, it is necessary that the characteristics examined be resistant to cheating and vary sufficiently within a population to permit choice to occur (Searcy 1979 among Merlins (Falco columbarius) in an urbanbreeding population. We found that male Merlins are much more likely to return in subsequent years to a nesting territory than are females. Among females, mate fidelity is directly linked to site fidelity; females who change nesting territory are unlikely to have the same mate but those returning to the same site are more likely to have the same mate. However, among males, mate and site fidelity are independent of each other; whether or not males change nesting territory, the probability of retaining the same mate is no better than by chance. We found also that the rate of mate switching between years is very high in this population, although there is no apparent effect on breeding productivity which can be linked to the pattern of mate or site retention. Based on these data, we suggested that little mate choice was likely to occur within this population. To test this further, in this paper we examined the population for evidence of assortative mating on the basis of age, previous breeding experience, location of origin (urban versus presumed rural), and body size.
This population represents one of the highest breeding densities of Merlins reported (Oliphant and Haug 1985) . Because of the close proximity of birds in the city (density estimates range from 16.4 to 25.4 pairs/100 km*; Sodhi et al., unpubl. data), the potential for choice to occur is likely greater than would be encountered in most other populations. Therefore, there was a higher probability that patterns of nonrandom mating would be expressed than might be the case in other Merlin populations.
METHODS
As part ofa broader study, we examined the mate choice behavior of a color-marked population of Merlins nesting in the city of Saskatoon, Saskatchewan, Canada (52"07' N, 106"38' W) from 1985 through 1990. We identified the majority of nests in the city each year and, on average, annually trapped 78% of breeding males and 93% ofbreeding females (Warkentin et al. 199 1). Males and females were easily distinguished by their size difference and yearling males could be separated from adult (2-plus years old) males based on differences in their plumage (Temple 1972 ). Unless previously banded as nestlings, however, we could not make the same distinction among females. Nearly 46% of birds breeding in the city during the study were originally banded as nestlings and could be aged precisely, but many entered the breeding population as unbanded birds from outside the city. While males could be aged, or at least classified as adults based on plumage, previously unbanded females were only categorized as adults in a subsequent breeding attempt to avoid misclassifying yearlings as adults or vice versa.
We used standard mist nets to trap breeding Merlins, with a tethered Great Homed Owl (B&o virginianus) as the lure bird (see for details of trapping methods). Breeding birds, not previously marked, were fitted with a United States Fish and Wildlife Service (USFWS) aluminum leg band. Nestlings at each site were banded with a USFWS leg band and a year-specific aluminum color band. All breeding Merlins trapped were measured to determine mass to the nearest 1 g, wing chord, tail length and total body length to the nearest 1 mm, and culmen to the nearest 0.1 mm (see for details on measurements). Trapping and measurement were carried out during the last two weeks of June, which was four to six weeks after females completed egg laying.
The data were derived from the 149 nests identified during the study. We suggest that at least three factors influence the dependence/independence of mate choice in a population, acting on a continuum rather than as a rigid dichotomy. (1) Group sizeMate choice will not be independent when occurring in small groups where pool size is finite. However, as the group size increases, the pool of potential mates quickly becomes large enough so that mate choice is essentially independent. The presence of floaters and the movement of migrants through an area during courtship periods also adds to the total pool of potential mates from which the selection is to be made. (2) Behavior-In highly social, tightly knit groups of birds, one could reasonably expect that a rigid structure, such as a dominance hierarchy, might develop to govern the pairing of birds. However, in species which are highly territorial and consequently solitary, mate choice would be more independent in the absence of a strong social structure. These circumstances make it difficult to examine and compare the timing of arrival on breeding areas as an index of the timing of breeding activities. Therefore, hatch date was used to indicate the relative timing of breeding for pairs. We estimated the average hatch date for the chicks of each nest based on their age at banding. Ages were determined by comparison with an unpub- Productivity was based on the number of young which were banded in each nest, assuming that birds which were old enough to be banded were likely to fledge. All values reported are mean + standard deviation, except where noted.
RESULTS
A significant relationship existed between the ages of the birds in breeding pairs. More yearling/ yearling and adult/adult pairs were found than expected by chance in the population for the combined six-year data set (Table 1 ; Yate' s corrected x2 = 8.38, df = 1, P = 0.004). However, this trait was more apparent in some years (e.g., 1987) than others where the pair combinations suggested random mating between the two age groups. While mating apparently was not random between yearlings and adults, there was no trend for older adult Merlins to mate with older adults. Among pairs in which both birds were 2-plus years, and the ages of both were known precisely, there was no significant correlation between male and female age (r, = -0.1419, n = 20, P = 0.551).
We found a significant relationship when we examined the influence of age on the productivity of pairs. The productivity of mixed pairs which consisted of both a yearling and an adult member was substantially reduced (combined mean productivity = 2.6 -t 1.6 young per nest, n = 9) when compared with the productivity of pairs consisting of either both adults or both yearlings (Table 2) . To obtain a more general picture of the influence of yearlings on the productivity of pairs, we examined the productivity of pairs with at least one yearling (including 15 pairs with females of unknown age; 3.4 + 1.4, n = 28, median = 4, range = O-5), and found that it was significantly lower than that of pairs which consisted of two adult birds (Table 1 ; Median test, x2 = 9.37, df = 1, P = 0.002). Nine of 14 known-age females entered the breeding population as yearlings (unpubl. data). If females immigrating into the Saskatoon population to breed from rural areas had a similar age structure, many of the 15 pairs with a female of unknown age were likely yearling/yearling pairs. The results in Table 2 suggest that including these data would bias the productivity estimate upwards for all pairs with at least one yearling member; this would decrease the difference between the two groups being compared. Since the productivity of pairs with a yearling (including unknown-aged females) is still significantly lower than that of adult pairs, addition of these data appears justified. The timing of breeding also varied with age. On average, the hatch date of chicks in the nests of two adult birds was seven days earlier than that for mixed pairs involving an adult and a yearling bird, and 11 days earlier than pairs with two yearling birds (Table 2) . Again, considering all pairs with at least one yearling member (including those with unknown-age females), the mean hatch date for these pairs (day 170 + 7, n = 27, median = 171, range = 151-179) was significantly later than that of pairs with two adults (Table 2 ; Median test, x2 = 19.57, df = 1, P < 0.00 1).
Birds which were not known to have previously bred were found most often with others which had not bred, and those with breeding experience tended to mate with others having breeding experience at a statistically significant level(xZ=6.52,df= l,P=O.Oll).Of52pairings which involved inexperienced females, there were 37 instances in which they were paired with inexperienced males, while only 17 of 40 females with previous breeding experience were mated with inexperienced males (Table 3) . To examine the ability of females to distinguish between experienced and inexperienced adult males in the absence of potential visual cues such as plumage differences, we removed all known yearlings from the analysis. This changed the number of pairings which involved two inexperienced birds to 19 of 34 cases, while the number of experienced pairs was altered slightly to 23 of 39 pairings (Table  3) We examined five components of body size in Merlins for potential body-size selection in mate choice. For wing chord and tail length we found a significant positive correlation (P < 0.05; Table  4 ) between the size characteristics of males and females when all pairs were considered. However, there was assortative mating of yearlings and adults in this population (see above). Since yearlings were significantly smaller than adults in several of the characteristics measured (P < 0.05, 2-tailed t-tests; Table S), we examined the same correlations among pairs of birds in which both were known to be adults (i.e., at least two years old). In this more restricted data set, only tail length was significantly correlated between the members of these adult pairs (Table 4) . Similar analyses were carried out to compare the morphological characteristics of presumed rural birds with those of locally-hatched birds. We found no significant differences except among males in wing chord length; locally-hatched individuals were significantly longer (2-tailed t-test, t = 2.712, df = 61, P = 0.009).
DISCUSSION EVIDENCE OF ASSORTATIVE MATING
The pairing of similarly-aged birds is not uncommon; assortative mating by age has been found across all age groups in a variety of taxa (e. (Table 1) . Hypothetically, this age-based relationship may have resulted from pairs forming in their first breeding attempt as yearlings or two-year-old birds and remaining paired for a period of years until one of them died. Annual mortality among adult Merlins averages 29% for this population (James et al. 1989 ), but only 20% of pairs contain the same mates in two consecutive years when all birds are considered; and among only those pairs which have the potential to re-unite (i.e., no re-pairing due to mortality) the rate of mate switching is 68% (Warkentin et al. 1991) . With an average survival rate of about 70% for both sexes, this means that both members of at least half of all pairs will survive from one year to the next. Since only 20% of all pairs re-unite for a second year, a substantial number of birds which are available to do so, are not re-uniting for a subsequent breeding attempt. The longest period that we observed two birds paired together was three years (unpubl. data). Additionally, we found no significant trend among adult birds to pair with progressively older partners over time. With such a low level of mate fidelity from year to year, it is unlikely that the pattern of positive assortment by age described above could be explained by such an hypothesis.
This pattern of assortative mating between age/ plumage classes could be related to territory quality and the relative abilities of adult and yearling males to establish and defend better quality nesting areas. Studies in the Eurasian Sparrowhawk (Newton and Marquiss Matthysen 1990 ) have all shown examples of younger, less experienced birds moving from lower to higher quality territories as they get older. This suggests that it may be easier for adult males to establish and maintain ownership of high quality nesting sites. If similar competition for superior quality sites (and males) occurred among female Merlins, then we might expect to find an age-based mating pattern similar to that in Table 1 . However, none of the potential parameters of territory quality we examined such as length of occupancy, order of occupancy, date of clutch initiation, or age of occupants correlated with the productivity of a nesting area (unpubl. data).
Another possible explanation for this age-based mating pattern could be the timing of arrival on the breeding grounds by birds of different age classes. Village (198 5) presented data indicating support for such a mechanism as one of the controlling factors of assortative mating by age in have not yet arrived, or not begun territory establishment and courtship activities. Such differences could also lead to a reduction in the number of mixed yearling/adult pairs, as observed in Table 1 . We found also assortative mating based on experience. However, this criterion appears to be very closely associated with age, and it is likely that there is little or no selection for experience beyond that which is attributable to age. Initial analysis produced a significant assortment of experienced and inexperienced birds mating within their own group. When yearling birds were removed from the analysis there was no longer a significant assortment based on experience (Table 3). This could indicate also that Merlins were unable to distinguish between experienced and inexperienced birds, once the most obvious plumage differences (particularly among males) were removed. In the absence of positive assortment by age or experience beyond the first year, it also suggests that plumage may be one of the signals used by females in selecting an adult mate. (Table 2) . Those pairs with a yearling male had substantially fewer fledged young than those with an adult male. This interpretation must be viewed with caution, however, due to the small sample size available. The productivity of yearling/yearling pairs in this population is similar to that of adult/adult pairs and does not fit the general trend described above of lower values for pairs with at least one yearling member. This result is somewhat puzzling and may again simply reflect the small sample size. Assuming that the higher productivity and earlier average hatch dates we found in adult/adult pairs accurately reflected the superior quality of an adult partner, this also may explain the paucity of mixed yearling/adult pairs, and the relative excess of yearling/yearling and adult/adult pairs among Merlins breeding in Saskatoon. Adults may have selected other adults as mates because of their better quality as partners, while those yearlings capable ofestablishing a territory, and/or attracting a mate were excluded from doing so (either by active or passive choice) and were more likely to pair with another yearling. Some adults may have elected to mate with a yearling rather than forego breeding for the year if they were unable to find a suitable adult partner. This final point is difficult to document because of our inability to assess the availability of potential mates. The number of extra birds seen at nests during the breeding season (James and Oliphant 1986) suggests that there is a substantial pool of non-breeders, but while most of these were yearling males, it is difficult to determine how representative this is of the non-breeder population as a whole.
FACTORS INFLUENCING ASSORTATIVE MATING IN THE SASKATOON MERLIN POPULATION
Merlins in this population commonly switch mates (Warkentin et al. 1991 ) providing many opportunities to choose specific partners should there be any selective advantage in doing so. However, the ability of females to assess the quality of males may be hindered by the absence of cues, due to certain attributes of this population, which would normally influence such a process. These properties of the Saskatoon population may make any choice of partners with specific characteristics, beyond choosing an adult over a yearling male as a partner, unimportant to the yearly output of a female. The productivity of Merlins in Saskatoon is high, the population averages 0.5 to 1.6 nestlings per successful nest above that found in rural populations of the northern Great Plains (Warkentin and James 1988). There are few nest failures once egg laying has begun (Warkentin et al. 199 l) , and hatching and fledging rates are higher than most other populations studied (unpubl. data). In addition, we found that suitable nest sites are not limiting for this population (Warkentin and James 1988) and the primary food source for breeding Merlins in Saskatoon (House Sparrows, Passer domesticus, Oliphant and McTaggart 1977) is abundant and available (based on hunting success rates; Sodhi et al., 1991) to males on territories throughout the city. With abundant nest sites and food resources, female assessment of male/territory quality on the basis of such criteria during courtship may be difficult. With little apparent distinction ofterritories based on quality, switching mates frequently could be a strategy used by females to overcome an inability to distinguish superior males. Although they may also risk losing a good mate, this might increase their chances of obtaining a better quality mate during their reproductive life. It could also explain the low levels of mate and site fidelity we found in females previously (Warkentin et al. 1991 ) and the absence of choice based strongly on specific traits which we noted in this paper.
